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(54) EXCHANGE-SPRING MAGNET POWDER AND BONDED MAGNET USING THE SAME 
(57)Abstract : 

PROBLEM TO BE SOLVED: To improve a holding force of an R-Fe-B system exchange-spring 
magnet powder (R denotes a rare earth element) obtained with a high residual 
magnetic flux density LOT or more, and to obtain a bonded magnet excellent in 
characteristics by using the powder. 

SOLUTION: An exchange-spring magnet powder and a bonded magnet excellent in 
reliability, having high intrinsic coercive force (Hcj) of a magnet, a good 
temperature characteristic, can be obtained by heating a quenched thin belt or a 
quenched powder obtained by spraying to a cooling roll a raw material molten alloy 
added Co, Ti , and Si by using only Pr as a rare earth element. 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Claim(s)] 
[Claim 1] 

It is alpha of a Pr2(Fe, Co) 14 B phase of a hard phase, and a soft phase at least. 
- O [ Fe and ] Co) It is the replacement spring magnet powder obtained from a raw 
material alloy containing a phase and a 3 (Fe, Co) B phase, A general formula is 
Prx(Fel-uCou) 100-x-y-z-wTiyBzSiw (among a formula). x= 9-11, y= 0.5-2.0, z= 
7.5-11.5, u= 0 to 0.2, and w= 0.5-1.5 — it is — replacement spring magnet powder 
characterized by what is expressed. 
[Claim 2] 

The replacement spring magnet powder according to claim 1 obtaining by quenching a 
melting alloy. 
[Claim 3] 

The replacement spring magnet powder according to claim 1 or 2 obtaining by grinding 
a quenching thin band manufactured using a cooling roller. 
[Claim 4] 

The replacement spring magnet powder according to any one of claims 1 to 3, wherein 
peripheral velocity of said cooling roller is 5.0 - 15.0 m/s. 
[Claim 5] 

The replacement spring magnet powder according to any one of claims 1 to 4, wherein 
heat treatment is performed. 
[Claim 6] 

The replacement spring magnet powder according to any one of claims 1 to 5, wherein 
an average crystal grain diameter is 15-20 nm and crystal grain diameter 
distribution is 10-30 nm. 
[Claim 7] 

A bond magnet which combines the magnet powder according to any one of claims 1 to 6 
with bonding resin, and is characterized by things. 
[Claim 8] 

The bond magnet according to claim 7, wherein peculiar coercive force (HCJ) showing 
magnetic properties in a room temperature is 700 - 1600 kA/m. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

"Detailed Description of the invention] 

;oooi] 

^Field of the invention] 

This invention relates to the bond magnet which used replacement spring magnet 

powder and it. 

[0002] 

[Description of the Prior Art] 

The replacement spring magnet which has a permanent magnet phase and a soft magnetic 
phase simultaneously attracts attention as a new magnet material in recent years. 
This replacement spring magnet mainly makes a permanent magnet phase (hard phase) a 
rare earth-iron-boron system, and development is furthered about the presentation 
system to which magnetic flux density made the soft magnetic phase (soft phase) high 
al pha-Fe . 
[0003] 

Although the replacement spring magnet can have a very high maximum energy product, 
in order to reveal outstanding magnetic characteristics, in the Nd-Fe-B system 
alloy, the high residual magnetic flux density beyond LOT is obtained by adding an 
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additive, but sufficient coercive force is not acquired. 
[0004] 

Here, coercive force and square shape nature can be raised, without raising the 
saturation magnetization of the hard magnetic phase which constitutes a nano 
composite organization, and producing most falls of a residual magnetic flux density 
as a magnet, if a part of Nd is made to replace by Pr. 
[0005] 

By the way, as what is used as a highly efficient rare earth bonded magnet now, the 
isotropic bonded magnet which used the MQP-B powder made from MQI occupies most as 
rare earth magnet powder. The following problems are among the conventional 
isotropic bonded magnets represented by this MQP-B powder. 
[0006] 

The conventional isotropic bonded magnet of magnetic flux density was insufficient. 
That is, since the magnetic performance (magnetization) of the magnet powder used is 
low, the content (content) of the magnet powder in a bond magnet must be raised, but 
since the moldability of a bond magnet will worsen if content of magnet powder is 
made high, there is a limit. Even if it increases content of magnet powder by the 
device of a process condition, etc., a limit is among the magnetic flux densities 
obtained too. 
[0007] 

The magnet with a high residual magnetic flux density is reported by the nano 
composite magnet, and coercive force is too small conversely in that case, and 
thermal stability is also inferior. Temperature characteristics were low, and 
especially about an irreversible demagnetizing factor, when magnetic peculiar 
coercive force (HcJ) became low, there was a problem which falls extremely, in the 
Nd-(Pr)-Fe-B system magnet, although indicated by the following patent documents, 
coercive force required in order to present practical use is not acquired. 
[0008] 

[Patent documents 1] 
3 P , 08-335506 , A 
[Patent documents 2] 
3 P , 10-261515 , A 
[0009] 

[Problem(s) to be Solved by the invention] 

Then, as a rare earth element, by using Pr, magnetic peculiar coercive force (HCJ) 
of this invention is high, and it aims to let temperature characteristics provide 
the bond magnet using good replacement spring magnet powder and it excellent in 
reliability. 
[0010] 

[Means for Solving the Problem] 

Such a purpose is attained by this invention of following the (1) - (8). 
[0011] 

(1) It is alpha of a Pr2(Fe, Co) 14 B phase of a hard phase, and a soft phase at 
least. - () [ Fe and ] Co) It is a raw material alloy for replacement spring magnets 
containing a phase and a 3 (Fe, Co) B phase, A general formula is Prx(Fel-uCou) 
100-x-y-z-wTiyBzSiw (the inside of a formula, x= 9-11, y= 0.5-2.0, z= 7.5-11.5, u= 0 
to 0.2, w= 0.5-1.5) . 

[0012] 

(2) Magnet powder given in the above (1) obtained when magnet powder quenches a 
melting alloy. 

[0013] 

(3) Magnet powder the above (1) produced by magnet powder grinding a quenching thin 
band manufactured using a cooling roller, or given in (2). 

[0014] 

(4) Magnet powder the above (1) from which peripheral velocity by said cooling 
roller is obtained by 5.0 - 15.0 m/s thru/or given in (3). 

[0015] 

(5) Magnet powder the above (1) to which heat treatment is performed by the 
manufacturing process to magnet powder thru/or given in (4). 

[0016] 

(6) Magnet powder the above (1) whose mean particle diameter of particle size 
distribution is 10-30 nm in 15-20 nm thru/or given in (5). 

[0017] 

Page 3 



JP-A-2004-235508 

(7) A bond magnet which combines magnet powder of a statement with the above (1) 
thru/or (6) with bonding resin, and is characterized by things. 

[0018] 

(8) It is alpha of a Pr2(Fe, Co) 14 B phase of a hard phase, and a soft phase at 
least. - () [ Fe and ] Co) It is a raw material alloy for replacement spring magnets 
containing a phase and a 3 (Fe, Co) B phase, A general formula is Prx(Fel-uCou) 
100-x-y-z-wTiyBzSiw (among a formula). x= 9-11, y= 0.5-2.0, z= 7.5-11.5, u= 0 to 
0.2, and w= 0.5-1.5 — it is — a bond magnet given in the above (7) characterized 
by what is expressed. 

[0019] 

(9) The above (7), wherein it is a bond magnet which combines magnet powder with 
bonding resin and peculiar coercive force (HcJ) showing magnetic properties in a 
room temperature is 700 - 1600 kA/m, or a bond magnet given in (8). 

[0020] 

[Embodiment of the invention] 
(Alloy composition of magnet powder) 

The magnet powder of this invention is Prx(Fel-uCou) 100-x-y-z-wTiyBzSiw (among a 
formula). x= 9-11, y= 0.5-2.0, z= 7.5-11.5, u= 0 to 0.2, and w= 0.5-1.5 -- it is -- 
it consists of alloy composition expressed. 
[0021] 

Here, as for the rare earth element R, although other rare earth elements may be 
contained as an inevitable impurity, it is preferred that it is a rare earth element 
which is mainly concerned with Pr. This is because it is effective in order to raise 
the saturation magnetization of the hard magnetic phase which constitutes a nano 
composite organization and to realize coercive force good as a magnet. 
[0022] 

Although Curie temperature becomes high and temperature characteristics improve by 
adding Co (replace a part of Fe) , when the substitution ratio of Co to Fe exceeds 
0.30, the tendency to fall with coercive force and magnetic flux density is shown. 
Since not only the improvement in temperature characteristics but magnetic flux 
density improves in 0-0.2, the substitution ratio of Co to Fe is preferred. 
[0023] 

Ti is an element effective in organization minuteness making, by adding, grain 
growth is controlled and the effect of minuteness making is acquired. The content is 
made into 0.5 - 2.0at%. Organization minuteness making cannot be attained as Ti is 
less than [ 0.5at% ], but on the other hand, if Ti exceeds 2.0at%, magnetic flux 
density will fall . 
[0024] 

B is an element important for acquiring high magnetic properties, and the content is 
made into 7.5 - 11.5at%. Square shape nature [ in / that B is less than / 7.5at% / a 
J-H demagnetization curve ] worsens. On the other hand, if B exceeds 11.5at%, a 
nonmagnetic phase will increase and magnetic flux density will decrease. 
[0025] 

While Si is an element effective in order to improve fluidity in the case of 

quenching thin band manufacture, it is an element advantageous also to the 

corrosion-resistant improvement in magnet powder and a bond magnet, and the effect 

shows up notably in 0.5 - 1.5at% of the range. 

[0026] 

[Example] 

Hereafter, an example explains this invention. 

[0027] 

(Example 1) 

Alloy composition obtained the magnet powder (two or more sorts of magnet powder to 
which the Pr content x was changed variously) of Prx(Fe0 . 9CoO . 1) 
87.5-xTil.5Bl0.5Si0.5 by a method which is described below. Weighing of each raw 
material of Pr, Fe, Co, Ti , B, and Si was carried out, by vacuum melting, the 
hardener ingot was obtained and the quenching thin band was obtained with the roll 
circumferential speed 10.0 (m/s) using the quenching thin band manufacturing 
installation. 
[0028] 

Then, 650 **x0min was heat-treated in argon gas atmosphere. Here, after said 
quenching thin band shall be 650 **, having written it as xOmin suspends heating 
promptly, and it means having made into 0 minute substantially time held at 650 **■ 
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The following notations are also the same. The magnetic measurement of the thin band 
sample used for and measured the vibrating sample magnetometer (VSM) , after 
performing pulse magnetization. 
[0029] 

Jr and (BH) max tend to decrease with the increase in x in ** and the tendency which 
increases HCJ on the other hand so that the magnetic properties of Table 1 may show. 
HCB takes the maximum at the time of x= 10.0, and the amount x of Pr understands 
that 10.0at% is the optimal for it. 
[0030] 
[Table 1] 



[0031] 
(Example 2) 

Alloy composition obtained the magnet powder (two or more sorts of magnet powder to 
which the B content z was changed variously) of Prl0(Fe0 . 9CoO . 1) 88-ZTi 1. 5BzSi0 . 5 by 
a method which is described below. Weighing of each raw material of Pr, Fe, Co, Ti , 
B, and Si was carried out, by vacuum melting, the hardener ingot was obtained and 
the quenching thin band was obtained with the roll circumferential speed 10.0 (m/s) 
using the quenching thin band manufacturing installation. Then, 650 **x0min was 
heat-treated in argon gas atmosphere. Magnetic measurement was performed like 
Example 1. 
[0032] 

** and a change on the other hand, HCJ takes the maximum at the time of z= 10.5, and 
according [ HCB ] to x have [ Jr ] a small tendency which decreases with the 
increase in z so that the magnetic properties of Table 2 may show. (BH) max takes 
the maximum at the time of z= 8.5, and is in the tendency to decrease, after that. 
From the above result, the amount x of B is understood that 10.5at% is the optimal. 
[0033] 
[Table 2] 



[0034] 
(Example 3) 

Alloy composition obtained the magnet powder (two or more sorts of magnet powder to 
which various Ti content y was changed) of Prl0(Fe0 . 9CoO . 1) 79-YTiyBlO. 5Si0. 5 by a 
method which is described below. Weighing of each raw material of Pr, Fe, Co, Ti , B, 
and Si was carried out, by vacuum melting, the hardener ingot was obtained and the 
quenching thin band was obtained with the roll circumferential speed 10.0 (m/s) 
using the quenching thin band manufacturing installation. 650 **x0min was 
heat-treated in argon gas atmosphere after that. Magnetic measurement was performed 
like Example 1. 
[0035] 

All of Jr, HCJ , HCB, and (BH) max increase with the increase in y, they take the 
maximum at the time of y= 1.5, and are in the tendency to decrease, after that so 
that the magnetic properties of Table 3 may show. From the above result, Ti quantity 
y is understood that 1.5at% is the optimal. 
[0036] 
[Table 3] 



[0037] 
(Example 4) 

Alloy composition obtained the magnet powder (two or more sorts of magnet powder to 
which various Si-content w was changed) of Prl0(Fe0 . 9CoO . 1) 78-WTil.5Bl0.5Siw by a 
method which is described below, weighing of each raw material of Pr, Fe, Co, Ti , B, 
and Si was carried out, by vacuum melting, the hardener ingot was obtained and the 
quenching thin band was obtained with the roll circumferential speed 10.0 (m/s) 
using the quenching thin band manufacturing installation. 
[0038] 
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As shown in Table 4, in an Si additive-free case, fluidity is bad, and it cannot 
produce a quenching thin band. By Si addition, to w= 2.0, when fluidity was good and 
was especially w= 0.5, it became the best fluidity and the good quenching thin band 
was able to be produced. 
[0039] 
[Table 4] 



[0040] 
(Example 5) 

Alloy composition obtained the magnet powder of Prl0(Fe0 . 9CoO . 1) 77. 5Til.5BlO.5SiO. 5 
by a method which is described below. Weighing of each raw material of Pr, Fe, Co, 
Ti , B, and Si was carried out, by vacuum melting, using the quenching thin band 
manufacturing installation, the hardener ingot was obtained, the roll 
circumferential speed was changed from 7.5 to 12.5 (m/s) , and the quenching thin 
band was obtained. Then, 650 **x0min was heat-treated in argon gas atmosphere. 
Magnetic measurement was performed like Example 1. 
[0041] 

Jr tends to increase with the increase in peripheral velocity, and on the other 
hand, HCJ takes the maximum at the time of 10.0 m/s, and is in the tendency to 
decrease, after that so that the magnetic properties of Table 5 may show. HCB and 
(BH) max are in the tendency to decrease with the increase in peripheral velocity. 
From the above result, peripheral velocity is understood that 10.0 m/s is the 
optimal, and it is characterized by acquiring the magnetic properties as which 
comparatively low peripheral velocity may be sufficient. 
[0042] 
[Table 5] 



[0043] 
(Example 6) 

Alloy composition obtained the magnet powder of Prl0(Fe0 . 9CoO . 1) 77. 5Til.5BlO.5SiO. 5 
by a method which is described below. Weighing of each raw material of Pr, Fe, Co, 
Ti , B, and Si was carried out, by vacuum melting, the hardener ingot was obtained 
and the quenching thin band was obtained with the roll circumferential speed 10.0 
(m/s) using the quenching thin band manufacturing installation. Then, 625 ** to 700 
**x0min (two or more sorts of magnet powder to which heat treatment temperature was 
changed) was heat-treated in argon gas atmosphere. Magnetic measurement was 
performed like Example 1. 
[0044] 

Jr tends to increase with the increase in heat treatment temperature, and on the 
other hand, HCB and HCJ take the maximum at the time of 650 **, and are in the 
tendency to decrease, after that so that the magnetic properties of Table 6 may 
show. (BH) max takes the maximum at the time of 675 **, and is in the tendency to 
decrease, after that. From the above result, heat treatment temperature is 
understood that 650 ** is the optimal. 
[0045] 
[Table 6] 



[0046] 

About each obtained magnet powder, in order to analyze the phase composition, the X 
diffraction was performed by 20 degrees - 60 degrees of angles of diffraction using 
Cu-Kalpha. In each diffraction pattern of drawing 1 to quenching thin band going up. 
The diffraction peak of alpha-(Fe, Co) phase which is a soft magnetic phase could be 
checked, and the diffraction peak of the Pr2(Fe-Co) 14 B phase which is a hard 
magnetic phase, and alpha-(Fe, Co) phase which is soft magnetic phases has been 
checked by heat-treating. Comparatively with much content of B, it is the feature 
that the deposit of a phase (Fe, B) is not seen, and it is thought that it exists in 
the grain boundary. 
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[0047] 

About magnet powder with that optimal of 650 **x0min with optimal heat treatment 
temperature, from the audit observation by a transmission electron microscope (TEM) , 
as shown in drawing 2, it was checked that the average crystal grain diameter forms 
the nano composite organization whose crystal grain diameter distribution is 10-30 
nm at 15-20 nm. 
[0048] 
(Example 7) 

Alloy composition obtained the magnet powder of PrlOFe69 . 5Co8Ti 1 . 5B10 . 5Si0 . 5 by a 
method which is described below. Weighing of each raw material of Pr, Fe, Co, Ti , B, 
and Si was carried out, by vacuum melting, the hardener ingot was obtained and the 
quenching thin band was obtained with the roll circumferential speed 10.0 (m/s) 
using the quenching thin band manufacturing installation. Then, 650 **x0min (two or 
more sorts of magnet powder to which heat treatment temperature was changed) was 
heat-treated in argon gas atmosphere. 
[0049] 

Next, the thin band sample was ground to 150 micrometers or less in argon 
atmosphere, mixed stirring of the epoxy resin (2.5wt%) was carried out, compression 
molding (inside of a non-magnetic field) was carried out by the pressure of 980MPa, 
and the Plastic solid was acquired. 
[0050] 

The epoxy resin was stiffened with heating of 150 **xlhr after mold release (cure 
processing), and the isotropic bonded magnet was obtained. The density of the bond 
magnet was about 6.29-/cm3. The magnetic properties of the bond magnet were measured 
after pulse magnetization using the account flux meter of self-[ high sensitivity ]. 

[0051] 

The obtained demagnetization curve of a J-H figure is shown in drawing 3. Magnetic 
properties are residual magnetic flux density Jr:0.69T, peculiar coercive force 
HCJ951.3 kA/m, and maximum magnetic energy product (BH) max:80.2 kj/m3. 
[0052] 

[Effect of the invention] 

As mentioned above, as explained in detail, according to this invention, offer of 
the bond magnet using replacement spring magnet powder and it excellent in 
reliability with temperature characteristics high magnetic peculiar coercive force 
(HCJ) and sufficient is possible. 
[Brief Description of the Drawings] 

[Drawing l]The figure showing the X diffraction pattern of the magnet powder of this 
invention. 

[Drawing 2]The figure showing the observation images and the electron diffraction 
pattern by a transmission electron microscope (TEM) of magnet powder of this 
i nvention . 

[Drawing 3]The figure showing the magnetic properties of the bond magnet of this 
invention. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing l]The figure showing the X diffraction pattern of the magnet powder of this 
i nvention . 

[Drawing 2]The figure showing the observation images and the electron diffraction 
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pattern by a transmission electron microscope (TEM) of magnet powder of this 
i nvention . 

[Drawing 3]The figure showing the magnetic properties of the bond magnet of this 
invention. 

[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. in the drawings, any words are not translated. 

DRAWINGS 

[Drawing 1] 



[Drawing 2] 



[Drawing 3] 



[Translation done.] 
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[00 12] 

( 2 ) HffiUfcfcti. Wm&&$:mtfrt&c\tt l z& 9»£*ifcfc<9-C<&4_tJB ( 1 > fcEtt 
[00 13] 

(3) ^n-;l^*fflV^Tl^S*ifcSJ«»»*»#LT»6*ufe«><0 , e* 
6±fE ( 1 ) ifcli ( 2 ) KHSa^flSFBW*. 

[0014] 

(4) ffiEftSta— A,£J:£raBB4„ 5. 0—15. 0m/st#^iiitiW$)l»± 
K ( 1 ) Sr^L ( 3 ) fcBtttf>8ffi»5fc. 

[00 15] 

( 5 ) affitt*ii, ^mmmmx\ f&mmtim~£titzi>cDTfo&±m < 1 > ( 4 

[0016] 

( 6 ) «EW1 5-2 0 nmtfig^(il0-3 0 n mfftSiK ( 1 ) ( 

5 ) tiea^apBtt*. 

[00 17] 

( 7 ) JJE ( 1 ) *V^L ( 6 ) fcKa^at6^*«t^»J»T«r^LT** £ f: 
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[00 18] 

(8) t>^— KfflC0Pr 2 (Fe, Co) , 4 Bfgfc V 7 hffi^Oa - (Fe, C 

o) fflh (Fe. Co) 3 Bffl^^r^rS^^^'JV^^apBfflSJR-^T&oT, - 
WPr K (Fe, - u Co u ) x oo- x - y -z- w Ti y B z Si w (g£(K x 
= 9—11, y=0. 5 — 2. 0. z = 7. 5—11. 5, u = 0 — 0. 2. w=0. 5 
-1. 5T*4) -C«S*L*ii:*^Wtf:^4±3B (7) tKfBOtfy K«PS. 

[0019] 

EWftlgtt (H c j ) i«7 0 0—1 60 0kA/mfl)§;J:^StJ:«±IB (7)4 
fctt ( 8 ) fcfE»?)*V KttPB. 
[0020] 

*SMH<?WKBB*li, Pr x (Fe,_ u CoJ j oo-x- y -z-wTi y B z S 
i w (S^cps x=9 — 11. y = 0 . 5 — 2. 0. z = 7. 5—11. 5. u = 0 — 0. 
2. w=0. 5—1. 5T*-6) 'C^Sfi4-^faHlfc6»6 ! fir&. 
[00 2 1 ] 

^±wjtmm±^wM^MmhLxm^±mjtm^^fi,xh^\^K Pr£ 

[00 22] 

**Hfe& I l*F±'*-* J&\ F e fc*tf £ C o cr>WWi}£m& 0 . 3 0 & b . ffl&3 , 

«Kf: fc t> wfir-rsfif*i^^. f e tz&t&c ocDm&ttmtfo— o . 2toieiH-m 

[0023] 

Till mmmmuz^mttmTh <o . tmt h z. t iz * 9 , fe H H B e^**wj§ix 

, tWfb?53&*S«»&;ft.4 . -ttfteMfi. 0. 5-2. 0 a t %fc . T i ^0 . 

5at%*iST" £ f t >^h. fflaHKBHb^^, — 3r\ Ti^'2. 0&t%iMt&t, M 

[00 24] 

BJi, ^v^KW^S^cofcfflMrTcsrcftO, *-0>*#W4* 7. 5—11. 5a t 
B#7. 5at%*itl>^t, J-HM?S«JKtfc(tSftffltt* i 'M<5:-g. 
. — B 36* 1 1 . 5 a t %*mt h b . #ttttffl**# < & 9 . ttSWlfePSfiM-S . 
[00 2 5] 

Sill «^*&<^&!fcibfc*3&$^T*4fcfcfcfc, Sffilft 

«£ tX*> F^<75if£tttf>|fi|_h£ b-oX h^m^TtMX'h 0 » 0. 5-1. 5 a t % 

[0026] 
[HAM] 

[00 27] 

(StttWl ) 

ISlTt^^ia^^-C^ffl^^P r x (Fe 0 . 9 Co 0 . t ) 87 . 5 _,Ti 

! . 5 b, o . 5 s i o . 5 ( p rttmxzn«mkZttmmmcomfi® 

*> Pr.Fe.Co.Ti.B. Si^MWfflU. Jt£»ftfc: <fc 0 . 

ff-^^ydV A&»fif«£lgX£fflt\ n-/l«« 1 0 . 0 (m/s) XM 

[00 28] 



(5) 
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W<k. T)V^y^}xmM%^x\ 6 5 crcxom i n<r>msm*1&Ltz» C\C\X\ XO 

m i n tmSZLtlCDlt^ WtiMiSm^i 6 5 0°Ct L£f£, E^«JI«#it.U 6 5 0 
T;Ti£SL*:i$fi3£. SI»W^O^-i:L-^ii:SrEWLTV^o J^T^IE i> mmx$> h 
. ^vt^x#a^tTo^t;, SWjiieWM^ft (vsm) £fflv^ 

[00 29] 

m^M^tt^fe^S i dt. J r . (BH) m a x (ixWiMJDi; t ttM^-f-^ffl 
lW9 s — ^th c j limn-f&WMzfo&o H CB {ix=io. 0 (T^rtzWd^M^ t *) , 

Prixlil 0. 0 a t%&mmTfo& ZttfhfrZ „ 
[00 30] 
[*1 ] 



Pr ©Mi 


Jr 






(BH)aax ; 


X 


(T) 


(kA/ni) 


(kA/a) 


(kj/ffl 3 ) 


9.0 


0. 93 


700.4 


534.6 


132.3 


10.0 


0.85 


1004. 0 


559.3 


119.9 


11.0 


0.83 


1572.0 


551.8 


111.0 



[00 3 1] 

(WfiM2) 

tXT^M^^ J: 3 %^?£-Cl=rAfflJ&^P r 10 ( F e o . 9 Co 0 . , ) 88 . z Ti, 

5 b z s i o . 5 corner (B^Mz&a^^-fts^isaao^e*) 

. Pr. F e , Co, Ti, B. Si <7)#HfJ£f¥S LT , J^JffiUfcJ: 0 , > 
n"-yh£f#, &#?5»Kit§£B£fflV\ u-fUmmmi 0. O (m/s) TftfcfOTF£» 
*<9«, 7^3'>^Xfia4it\ 6 5 0'CXOmi n<^R«KltJ|Lfc. a^ffijg 

[00 32] 

CJ liz = lO. ScomizMJMZt 0, H c B lixfcj:4S»3&«/hS^. (BH) ma 

"5 , Bix(J 1 0 . Sat %3WKlrC* * i b . 
[0033] 
[^2] 



(6) 
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f> <fj r : 11 M 


Jr 


% 


u 

% 


ItSsl; max 


Z 


(T) 


(kA/n) 


(kA/n) 


(kj/ia 3 ) 


7.5 


0.90 


700.4 


500.0 


123.5 


8.5 


0.90 


780.0 


565.0 


128.0 


9.5 


0. 88 


880.0 


560.0 


125.0 


10.5 


0. 85 


1004. 0 


559.3 


119.9 


11.5 


0. 84 


640. 0 


500.0 


116.0 



[00 34] 

ETFfca^S J: 3 ^mX'-^^mm^P r 10 ( F e 0 . s> C o 0 . i ) 7 9 - y T i y 
Bio. 5 S i o . 5 coSffi*fc* (T i £«*^S*jfc1iMwaffi»*) £ 

Pr, Fe, Co, T i , B, Si<D#ff^ffiU, KffiSJKfc ± 0 , fit^A 
^yd'.ybm m^^wSBtitE^ffl^ n-/WfaLK10. 0 (m/s > TSlMfiiflF 
^fiT/l^^.XSHMcp-C, 650°Cx0min«i}81^ftU„ ^,80 

[00 35] 

^3^^^3&»6*>j&»S«fc dt, J r ,H CJ .H CB . (BH) mi Jl 

cTJiMSD fc t € tctiSn L , y = 1 . 5 on#tc«±fi^ i: 0 , ^Of£, k ^ 3 Sffl(c 

h h . KLh^SS ± ^ Tiiyttl. 5 a t KtffMTC* Sit . 

[00 36] 

[H3] 



Ti ©til 


Jr 






(BH)iaax 


y 


(T) 


(kA/n) 


(kA/i) 


(kj/m 3 ) 


0.5 


0.84 


810.0 


510.0 


108.0 


1.0 


0. 84 


880.0 


530.0 


115.0 


1.5 


0. 85 


1004. 0 


559.3 


119.9 


2.0 


0. 83 


900.0 


530.0 


113.0 



[00 37] 

<3Bfc«4) 

OTtaK* J: 3£^T'ltr#fflj&J&*P r i o ( F e 0 . 9 Co 0 . x ) 7 s _ w T i , 

5 b i o . 5 s i w ohpbib* < s i ^m.w^m^mt^tz j mm<Dmumm * 

Pr, Fe s Co, Ti, B, S iCOMSiffiLt, l^jStJ:^ 
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>f^7h*#, ^fi^M^a^fflv^ v-jumm&i o. o (m/s> 

[00 38] 

^FWC&S. S i tfcBnfcJ: 9 , w=2. OiT, »«&ftj&*fi< . «ffcw=0. 5<9B$, 

[00 39] 
[*4] 



Si ©ttt w 




0 




0.5 


© 


1.0 


0 


1.5 


0 



[0040] 

(WfiM5) 

JSlTta^S i a ir^rffi-C^Affljft^P r 10 (Fe 0 . ,Co 0 , ,) 77 . 5 Ti, 

5 B j 0 5 Si 0 . 5 «0«FB»5fc£»fc. Pr, Fe, Co, T i „ B . Si C0=g-M 

/WHaU**7. 5K12. 5 (m/s) 

3>#X«HSWC\ 6 5 0'CXOmi nCOjRHBSfcltLfc. mSilgffii* MifiPJ 1 k PI 
[004 1] 

■n. h c j tii o. o m/ s comzm^m & t k> , *<?s», «sH-*fc^a«i«!ifc*ft. 

H CB , (BH) max f3MJK^>iiiQ fc k t WS^-«. k ^ a ffi|pj t 5 . ELboJ&SI 

±9. jwBiJK«ii o. om/s***are**£k#;ba»>5, wsRWisv^jBaurcAvvsBE^ 

[0042] 
[|£5] 
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m "jtr tic 

wwK 


Jr 


Hcj 




(,l5rl/ max 


(■/s) 


(T) 


(kA/m) 


(kA/m) 


(kj/m 3 ) 


7.5 


0.84 


990.0 


570.0 


120.0 


10.0 


0.85 


1004. 0 


559.3 


119.9 


12.5 


0.86 


850.0 


530.0 


119.0 



[004 3] 

(.mrnme) 

pxrizm^z i. o ttrnv-s-Mimfrp r 10 ( f e 0 . 9 c o 0 . 1 ) 7 7 . 5 Ti, 

. 5 B i o . 5 Si 0 . 5 <>58P6»*£ttfc. Pr, Fe, Co. T i , B , Si tO#JK 

/WIj£JK10. o (m/s) T;t-3'y^x#H^. t t , 'r\ 6 2 

[0044] 

^ 6 co»F#e^ £ *w&»4 «fc 3 , J r Ji«JIiSJgoitfln fc 1 i, teigjir$- & «i*fj&** D 
, — H c B , H c j {±6 5 0°Ccr>mizM±m* b 0. Jfi^-4fcV^«ftfc: 
(BH) m a x (±67 5°CcDB§tCft±ffl^i: 0. *«0fiL b 

& . m±o*ss«t o SKJoaiasjs 6 5 0 x;sW«([T* h z. t , 

[004 5] 
[H6] 





Jr 




HCB 


(BH) max 


CC) 


(T) 


(kA/m) 


(kA/m) 


(kj/m 3 ) 


625 


0. 84 


980.0 


550. 0 


117.0 


650 


0.85 


1004.0 


559, 3 


119,9 


675 


0.87 


880.0 


540.0 


121. 0 


700 


0.87 


820. 0 


530. 0 


120. 0 



[0046] 

• -6 0° £TXfcH»f£ffofc. 01O5#|I|$f^*->'j&»6 s ^$$#£±#9 "CM:, V 
7 a - ( F e , Co) ffl<0HI#f t-^3&TOCS . ^ffl^Jff i fc fc=t 

0, A-HaffiBtfc5Pr 2 (Fe • Co) , 4 Bffifc. V7Mttfflt^l>«- (F 
e , C o ) ffl^HIJftr— ^j&lWBTSfc. B<9#3ffti&*#V4flfcli, (Fe, B ) fflOjf 

[0047] 

^fM?ag^«jS<0 6 5 o°cx om i ncotpmrnTh^me^Mz-oux . mmm^m 
mm (tem) ti4wsGB*6>^ N m2iz7jkt£oiz* ^ng&nmn 5-2 o nm 
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[0048] 

(HJ6M7) 

aTlZW<>& X 0 ^feX'^MMJfiP r 10 Fe 69 . 5 Co 8 Ti ( 5 B 1 o . 5 
S i o . 5 OW5tt**#fc. Pr, Fe, Co, Ti, Si c7)&Mm&ff& LX , 

0 (m/s) T^^lPirSrft*:, ^OfJL T/t^V^'XfJH^-C', 6 5 0'CXOmi n 

[0049] 

atfc, ?S^iS^^T^3->#H^T'l 5 0^m«Tt^L, XiJWfHiJiB (2. 5w 
t%) fc*fi£*#U 9 8 0MPat?)EAtffllM (ftgft&f) LT. flSB*****: 

[00 50] 

1 5 0°CX 1 h r^JtfRfcJ: Ox^yStiJg^tT (^T*PI) . 
tt*> F«PE*»Jfc . H . » 6 . 2 9 / c m s T'fo o . tf> KHPE<Z> 

[00 5 1 ] 

B3£, »6ftfcJ-H^jj88tt*£iF*$-. OWBtttt, SW^Ur : 0. 6 9 
T\ 0*fiaayjH c j 9 5 1 . 3kA/m, MIX^;^-« (BH) maK : 8 0 
. 2kJ/m3 T**. 
[00 52] 

[HffltofiPi^lMBJ!] 

[Ell ] ^t^^SfcEI&^xfcig^^-^fciaHm 

[02] *m&m&m*<ommv=?miM (tem) tisn^tm^ni^^- 
[H3 ] *mi&#>vM^Mmm$:^-tm, 



[Ell] 



(10) 
[02] 
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t X ! i_ 



i 1 J J. J 



i 



L L_ L_ ... L | 

! f 1_ 1 _] 

20 so 40 &q «o 

2 9 {degress} 




[03] 




1000 SCO 6 DO 400 200 



(11) 
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(51) Int. CI ,7 FI f^^^F 



B22F 


9/04 


B 2 2 F 


3/00 


C 


B 2 2 F 


9/08 


B 2 2 F 


9/04 


E 


C 2 2 C 


38/00 


B 2 2 F 


9/08 


M 


HO 1 F 


1/053 


C22C 


38/00 


3 0 3 D 


HO 1 F 


1/08 


HO 1 F 


1/08 


A 






HO 1 F 


1/04 


II 



